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Description 

Background of the Invention 

The present invention relates to multiple beam an- 
tenna (MBA) systems, such as are useful for communi- 
cation satellites. Specifically, the present invention pro- 
vides a microwave multiple beam antenna system that 
simultaneously achieves closely spaced beams (high 
crossover levels) and high aperture efficiency (low spill- 
over loss) with a relatively simple beam forming network. 

Conventional MBA designs, typically for communi- 
cation satellites, place the feed horn cluster of the anten- 
na at the focal point of an offset reflector collimator, as 
shown in Figure 1. The feed horns are designed to be 
relatively small for close packaging in the cluster to give 
reasonably high crossover levels (i.e., closely spaced 
beams). A small feed horn, however, produces a broad 
radiation pattern for illuminating the offset reflector. This 
results in much of the energy not being intercepted by 
the reflector, and gives rise to high spillover loss. On the 
other hand, if the feed horns are designed for more di- 
rective beams to reduce the spillover loss, the feed horns 
become larger, yielding wider beam separation, and thus 
lower crossover levels. The result is "holes" in the pattern 
coverage. 

Figure 1 illustrates a conventional multiple beam an- 
tenna configuration. A beam forming network (BFN) 11 
supplies signals to a feed horn cluster 13, which illumi- 
nates an offset paraboloid reflector 15. If the feed horns 
are made relatively small for close packaging and rea- 
sonably high crossover levels 17 (as shown in Fig. 2), a 
significant portion of the beam misses the reflector, be- 
coming spillover loss 21 . Alternative feed horns that pro- 
duce more directive beams to reduce the spillover loss, 
produce low beam crossover levels 23 in the beams re- 
flected from the offset paraboloid reflector, as shown in 
Figure 3. 

A partial solution to the spillover loss problem is de- 
scribed by the inventor in Wokurka, A Feed Cluster Im- 
age Reduction System, Digest, IEEE AP-S Symposium, 
Blacksburg, Virginia, June 1987, pages 199-202. In the 
system there described, an "imaging" lens is used to pro- 
duce an optically reduced image of a large feed horn 
cluster. The reduced image of the feed horns is then used 
to illuminate the collimating reflector or dielectric lens. A 
field lens is placed between the imaging lens and the ob- 
jective lens to efficiently refract the energy from each 
feed horn onto the objective lens, thereby maintaining 
low spillover loss for each beam at the objective lens. 

Another system that has been suggested is to form 
overlapping feed horn subclusters with a more complex 
beam forming network. With this approach, energy to be 
radiated in a beam is divided in the BFN and applied to 
several adjacent horns. This approach increases the 
feed aperture size, and narrows the feed radiation pat- 
tern, to more efficiently illuminate the reflector. Adjacent 
beams are produced by overlapping these clustered 



feed horns. However, this approach complicates the feed 
network greatly, particularly for millimeter wave length 
signals and/or systems using a large number of beams. 
This approach also adds significantly to waveguide or 

5 transmission line losses. Such increased complexity and 
losses are particularly pronounced at higher millimeter 
wave frequencies, where they are least tolerable. 

Another proposed solution to the spillover loss prob- 
lem is to build several antennas, each of which produces 

10 widely spaced beams that are a portion of the total re- 
quired. The beams from the separate antennas are then 
interlaced in space to create the full coverage comple- 
ment. Clearly, this approach adds much unnecessary 
weight and volume to the antenna system by adding 

is more antennas. 

Summary of the Invention 

The present invention is a multiple beam antenna 
system that includes a beam forming network that in- 
cludes a plurality of feed horns in a feed horn cluster and 
objective. An imaging lens having a lateral magnification 
less than one for focusing a reduced image of the feed 
horn cluster at a predetermined point in space is placed 
next to the horn cluster. A field lens is positioned at that 
predetermined point in space, and an amplitude shaping 
lens is positioned between the field lens and the objec- 
tive. The amplitude shaping lens redirects the rays of the 
image transmitted by the field lens to be denser in the 
central region of the objective and consequently reduces 
the sidelobes in the far field pattern of the transmitted 
beam. 

Brief Description of the Drawing 

Figure 1 shows a conventional multiple beam anten- 
na system. 

Figure 2 shows beams having high crossover levels. 
Figure 3 shows beams having low crossover levels. 
Figure 4 illustrates one embodiment of the multiple 
beam antenna system of the invention. 

Figure 5 illustrates an alternative embodiment of the 
invention incorporating an objective lens instead of an 
objective reflector. 

Detailed Description of the Preferred Embodiment 

In the present invention, spillover loss from individ- 
ual microwave horns in a feed horn cluster used in con- 
ventional multiple beam antenna designs is reduced by 
the placement of three dielectric lenses between the feed 
cluster and the final collimating reflector or lens. 

The present invention incorporates a beam forming 
network 31, which may be of the type generally known 
and understood in the industry. This beam forming net- 
work transmits beams through a feed horn cluster 33. 
Such feed horn clusters and their attributes are also well 
understood in the art. 
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An imaging lens 35 is placed in the path of the beams 
37 from the feed horn cluster. This imaging lens 35 has 
a lateral magnification of less than unity, so that an opti- 
cally-reduced image of the feed horn cluster is produced 
at the field lens 43. The imaging lens can be shaped and 
positioned so that a minimum portion of the beams 37 
produced by the feed horn cluster bypass the lens. This 
provides minimum spillover loss 39 from the feed horn 
cluster. 

The imaging lens 35 focuses the reduced image of 
the feed horns at a point in space. The reduced feed horn 
image can be used to illuminate an offset reflector 41 . In 
the embodiment illustrated in Figure 4, the objective 41 
is an offset paraboloid reflector. Alternatively, a lens may 
function as the objective. 

The field lens 43 is placed at the feed horn image to 
efficiently refract the energy from each feed horn of the 
feed horn cluster onto the objective reflector 41 . By prop- 
erly refracting the beams from the optically reduced im- 
age of the feed horn cluster, a maximum of the beams 
45 impact the objective reflector 41 , providing minimal 
spillover loss 47. 

The imaging lens 35 forms overlapped and clustered 
feed distributions optically in space at the field lens 
plane, so that the image formed at the field lens is a small 
overlapped replica of the physically larger real cluster. 
The imaging lens may provide a 0.5 lateral magnification 
(or image reduction) factor of the actual feed horn cluster. 
Focusing the reduced image of the feed horn cluster at 
the field lens 43 causes the energy to appear to the ob- 
jective reflector 41 as though it were coming from a more 
closely spaced feed horn cluster, with correspondingly 
closer horn phase centers. 

By using larger feed horns, with their associated 
more directive patterns as the elements of the feed clus- 
ter, and optically reducing the size of this cluster with the 
imaging dielectric lens, spillover loss is reduced. The 
feed horn amplitude taper at the imaging lens edge can 
be made to be -10dB, resulting in low spillover loss 39 
at the imaging lens. 

The radiated beams are therefore spaced more 
closely in space, resulting in higher beam crossovers. A 
given crossover level can be realized by properly choos- 
ing the lateral magnification of the imaging lens during 
the design of the system. A higher beam crossover level 
results in a higher minimum gain of the composite an- 
tenna gain coverage. 

With a uniform amplitude or power density distribu- 
tion across the objective 41 , the collimated beams 49 re- 
flected from the reflector 41 may contain significant 
sidelobes in the far field pattern due to beam diffraction. 
To reduce the sidelobes in the far field pattern, an ampli- 
tude shaping lens 51 redirects more of the energy rays 
in the central part of the reflector. Thus, the amplitude 
shaping lens alters the "ray bunching" or power density 
distribution so that the rays of energy from the antenna 
horns are denser in the central region of the system. The 
amplitude shaping lens concentrates the power of the 



beams in the central part of the collimating reflector, giv- 
ing rise to low sidelobe reflected beams 49. Increasing 
the power density in the central portion of the beam pat- 
tern reduces beam diffraction and the associated 
5 sidelobes in the beam pattern. 

Amplitude shaping is accomplished primarily 
through refraction at the first surface of the amplitude 
shaping lens 51 . The second surface is contoured mainly 
to satisfy the phase constraint. Ordinarily, the chosen 
10 shape of the lens is sensitive to the central thickness of 
the lens and the distance from the field lens 43 to the 
amplitude shaping lens 51 , and the central thickness of 
the amplitude shaping lens. Some amplitude shaping 
can be done by the objective reflector lens 41 . However, 
15 such shaping by the objective would likely be at odds 
with the wide-angle "scanning" requirement for the mul- 
tiple beams of a multiple beam antenna system. 

Equations for the paraxial rays (those close to the 
axis that satisfy the small angle approximation) for each 
lens may be derived, depending on the lens material, its 
dielectric constant, and the lens thickness. Geometrical 
optics computer programs can be used to trace rays 
through the different lenses of the system and determine 
the aspheric term coefficients specifying the surface 
away from the central axis. A scalar detraction theory 
computer program can be used to determine the ampli- 
tude and phase distributions on each lens surface and 
calculate the far field radiation patterns. 

The geometrical optics program can be used to suc- 
cessively determine higher order coefficients of the lens 
surface expressions to focus, with the imaging lens, the 
non-paraxial rays at the focused spot images of each 
feed horn in the field lens plane. This helps to insure that 
the non-paraxial rays are not spilled over, but rather fall 
on the objective reflector for each feed horn to realize 
high aperture efficiency. Additionally, the surface coeffi- 
cients of the objective reflector or objective lens can be 
determined to ensure a low phase error distribution (pref- 
erably 50 degrees maximum) across the aperture for 
each beam. 

The lenses for a system for 44 GHz wavelengths 
may be fabricated of a dielectric material, such as alu- 
mina having a dielectric constant of 9.72. The center of 
each lens may be approximately one inch thick. The am- 
plitude shaping lens 51 in particular should have a center 
of sufficient thickness to ensure that enough dielectric 
medium is present at the outer rim of the lens for the rays 
to converge and perform the power transformation re- 
quired. 

For such a system for 44 GHz wavelengths, the dis- 
tance from the edge of the feed horns to the objective 
reflector or the far surface of an objective lens may be 
approximately 32.2 inches. The lenses may be installed 
in an eight inch diameter stainless steel machined tube. 
The position of the imaging lens 35 may be fixed, while 
the field lens 43, amplitude shaping lens 51, and objec- 
tive lens 53 or reflector 41 may have adjustable posi- 
tions. 
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Systemachse folgendes aufweist: 

ein Strahlbildenetzwerk (31), das eine Vielzahl 
von Speisehornern in einem Speisehorncluster 

s (33) aufweist, 

eine Abbildelinse (35) zum Fokussieren bei 
einem vorbestimmten Punkt im Raum eines Bil- 
des des Speisehornclusters, wobei die jeweili- 
gen Abstande zwischen der Abbildelinse, dem 

10 vorbestimmten Punkt und dem Speisehornclu- 

ster derart gewahlt sind, daB das Bild des Spei- 
sehornclusters kleiner als der Speisehornclu- 
ster ist, 

eine Feldlinse (43) und zwar positioniert bei 
is dem vorbestimmten Punkt im Raum, 

und ein Objektiv (41 ,53), urn in dem Fernfeid die 
Energie, die von der Feldlinse in Emission 
kommt, zu projizieren, dadurch gekennzeich- 
net, daB es ebenfall eine Amplitudenformungs- 
20 Unse (51) aufweist, und zwar positioniert zwi- 

schen der Feldlinse (43) und dem Objektiv 
(41,53), wobei die Amplitudenformungslinse 
(51) die Amplitudenverteilung der Strahlen 
andert bzw. abwandelt, urn die Leistungsdichte 
25 zu der Linsenachse hin zu konzentrieren bzw. 

zu konvergieren. 



The present invention also increases the "hardness" 
of the system to electromagnetic and particle beam 
threats by virtue of the hard lens material shielding the 
feed horns and the sensitive receivers connected to the 
antenna feed network ports. The lens surface could also 
be made reflective or diffuse at other threat frequencies, 
such as in the laser optical spectrum. 

The present invention allows the final objective ap- 
erture distribution to be phase corrected by adjusting 
higher order coefficients in the lens surface equations so 
as to improve beam distortion resulting from feeds pro- 
gressively farther from the feed cluster access of sym- 
metry. 

The collimator or objective is shown in Figure 4 as 
an offset reflector. Nevertheless, the collimator could 
equally be a lens 53, as shown in Figured 5. Such a lens 
would be more appropriate for high millimeter wave fre- 
quencies (EHF), where the apertures need not be large, 
and the lens weight would not be excessive. 



Claims 

1. A multiple beam antenna system comprising along 
a system axis: 

a beam forming network (31 ) including a plural- 
ity of feed horns in a feed horn cluster (33), 
an imaging lens (35) for focusing at a predeter- 
mined point in space an image of said feed horn 
cluster, the respective distances between said 
imaging lens, said predetermined point and said 
feed horn cluster being chosen such that said 
image of the feed horn cluster is smaller than 
said feed horn cluster, 

a field lens (43) positioned at said predeter- 
mined point in space, 

and an objective (41 , 53) to project in the far field 
the energy coming from said field lens in emis- 
sion characterised in that 
it also comprises an ampl itude shaping lens (5 1 ) 
positioned between said field lens (43) and said 
objective (41,53) wherein said amplitude shap- 
ing lens (51) alters the amplitude distribution of 
the beams to converge the power density 
toward the lens axis. 

2. The multiple beam antenna system of Claim 1, 
wherein said objective comprises an offset parabo- 
loid reflector. 

3. The multiple beam antenna system of Claim 1, 
wherein said objective comprises an objective lens. 



Patentanspruche 

1. Mehrstrahiantennensystem, das entlang einer 



2. Mehrstrahiantennensystem nach Anspruch 1, 
wobei das Objektiv einen verschobenen bzw. ver- 

30 setzten Paraboloid reflektor aufweist. 

3. Mehrstrahiantennensystem nach Anspruch 1, 
wobei das Objektiv eine Objektivlinse aufweist. 
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Revendications 
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Systeme d'antenne a faisceaux multiples, compre- 
nant, le long d'un axe du systeme : 



un reseau (31) de mise en forme de faisceau 
comprenant plusieurs cornets d'alimentation 
dans un groupe (33) de cornets d'alimentation, 
une lentille (35) de formation d'image destinee 

45 a focaliser, en un point predetermine dans 

Pespace, une image du groupe de cornets d'ali- 
mentation, les distances respectives entre la 
lentille de formation d'image, le point predeter- 
mine et le groupe de cornets d'alimentation 

50 etant choisies de maniere que I'image du 

groupe de cornets d'alimentation soit plus petite 
que le groupe de cornets d'alimentation, 
une lentille de champ (43) positionn6e en un 
point predetermine dans I'espace, et 

55 un objectif (41 , 53) destine a projeter en champ 

lointain I'energie provenant de la lentille de 
champ en emission, 
caracterise en ce que : 
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il comporte en outre une lentille (51 ) de confor- 
mation en amplitude placee entre la lentille de 
champ (43) et I'objectif (41, 53), la lentille (51) 
de conformation en amplitude modifiant la dis- 
tribution d'amplitude des faisceaux afin que la s 
densite d'energie converge vers I'axe de la len- 
tille. 



Systeme d'antenne a faisceaux multiples selon la 
revendication 1 , dans lequel I'objectif comprend un 10 
reflecteur paraboloTdal decale. 

Systeme d'antenne a faisceaux multiples selon la 
revendication 1 , dans lequel I'objectif comporte une 
lentille d'objectif. is 
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FIG. 2 



FIG. 3 
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